Introduction
Traumatic dental injuries (TDIs) are considered a public health problem due to their high prevalence rate , extensive knowledge of their etiology, which allows the establishment of prevention strategies 1, 5, [9] [10] 28 , and the high costs of such injuries, such as the direct cost of treatment 29 , indirect costs linked to missing days of work and school 30 and the impact of dental trauma on quality of life [31] [32] [33] . The prevalence of TDI reported in population-based studies ranges from 6%13 to 17.7% 21 in international studies, but is higher in national studies, such as the 10.5% rate reported by Soriano et al. 19 and the 58.6% rate reported by Marcenes et al. 6 . In the past 20 years, the number of articles on TDI has increased in Brazil, which is currently one of the leading countries in dental trauma research. However, a small number of studies have addressed children aged 12 years, which coincides with the end of the mixed dentition phase and is a time in life when children participate more in sports and games involving bodily contact 16, 34 . Predisposing factors, such as inadequate lip coverage and increased overjet, have been widely investigated in studies on traumatic dental injuries. However, the health of a population is also influenced by demographic, socioeconomic and behavioral factors 35 . A small number of studies have correlated the prevalence of permanent tooth injury and socioeconomic indicators. Moreover, the divergent findings demonstrate that the association between these variables remains unclear. This discrepancy is likely due to methodological differences among studies and the few papers published on this issue, which underlines the need for further investigation into the association between socioeconomic status and TDI 16, 17 . The aims of the present study were to determine the prevalence of trauma in the permanent dentition of 12-year-old schoolchildren and assess associations with socioeconomic indicators (social class, mother schooling and marital status of the legal guardian). Clinical factors, the type of injury, etiology, place of trauma and age at the time of occurrence were also evaluated.
Methods
The study was conducted in Montes Claros, a medium-sized town located in the north region of the state of Minas Gerais in the south east of Brazil with 361,914 inhabitants. Montes Claros has 174 elementary and secondary schools integrated into public or private school system with 33,513 children and adolescents enrolled in the elementary school system.
Sample characteristics
A cross-sectional study was carried between February and June of 2007 of the prevalence of TDI among 12-year-old children at public and private schools in urban areas of the city of Montes Claros, Brazil.
The sample size was calculated to give a standard error of 2.0%. A 95.0% confidence interval (CI) and 16.1% prevalence of traumatic dental injury (TFI) 2 were used for the calculation. The minimum sample size needed to satisfy the requirements was estimated to be 343 individuals. A correction factor equal to 1.7 was applied for design effect (deff) 36 . To compensate for possible no-responses and/or refusals during the data acquisition phase, the sample was increased by 10%, resulting in a total of 641 students.
For the selection of the sample, a list of schools located in urban areas, along with their addresses and the number of 12-year-old students enrolled, was acquired from the Board of Education of the state of Minas Gerais (southeastern Brazil). The schools were grouped based on their geographic location, in five districts. The sample was proportionally distributed. Approximately 1/3 of the schools in each district of the city (approximately 7 school by district) were randomly selected by lots, ensuring an equal likelihood of participation for all public and private schools. The schoolchildren were selected using a systematic method. Subsequently, 17 schoolchildren from 38 schools (33 public and 5 private) were invited to participate in the study, totaling 641 students.
Collection of non-clinical data
A meeting was scheduled with parents/ guardians to explain the objectives, procedures and importance of the study. Those who agreed to the participation of their children signed a statement of informed consent and filled out a questionnaire addressing socioeconomic aspects. Children without authorization, those who wore an orthodontic appliance and those absent from school on the day of the clinical exam were excluded from the study.
The following socioeconomic indicators were employed: type of school (public or private), monthly household income, mother's schooling and the criteria of the Brazilian Association of Advertisers (ABA-ABIPEME), was investigated using the questionnaire designed by the Brazilian Advertising Association/Brazilian Market Institute Association, which categorizes the Brazilian population into five classes [Classes A (high class), B, C, D and E (low class)] 2,13,19,37 . Mother's schooling 7, 10, 22, 38, 39 and marital status10 were informed by the parents/guardians. Mother's schooling was dichotomized based on median values as 0 and 1 for ≤ 5 years and > 5 years study, respectively. Child's gender and date of birth were recorded during the clinical exam. The interviews and clinical exams were held at the respective schools in a private room at a previously scheduled date and time in order not to interfere with normal school activities.
Clinical data collection
The team was made up of a previously trained and calibrated examiner (P.C.P.P.), an annotator and an assistant who conducted the children to the examining room. The calibration exercise consisted of the use of color slides for each type of injury in the permanent dentition (two images of each injury). The results of the examinations were compared with the judgment of a dentist with experience in traumatology (gold standard). The calibration exercise was then performed for the clinical examination by both the examiner (P.C.P.P.) and the gold standard (M.I.C.), with the patients involved in this exercise examined a second time after a 15-day interval. These patients did not participate in the main study. The accuracy of the exam was measured with a second examination of 10% of the sample and the calculation of the Kappa statistic. Intra-examiner and inter-examiner agreement were determined using the Kappa index, the values of which were 0.96 and 0.87, respectively. Values greater than 0.70 were considered satisfactory.
A pilot study was first conducted to test and adjust the methods. This pilot study involved a convenience sample of 30 students who were not included in the main study (15 public school and 15 private school).
The examiner recorded the type of damage sustained, any treatment or treatment needed because of TDI. The criteria adopted for TDI were those used in the Children's Dental Health Survey in the UK 40 . Such criteria included fractures, discoloration and tooth loss because of trauma in the permanent dentition. However, enamel cracks were also recorded. A standard school chair was used during the exam. Artificial lighting was used for a more precise detection of the criteria used for the identification of TDI. Care was taken to avoid cross contamination and the examiner used individual protection equipment during each exam. Sterilized mouth mirrors, dental probes and gauze were packed in sufficient numbers for each work day.
All permanent incisors were examined. For such, the teeth were cleaned and dried with sterilized gauze. A mouth mirror was used for the examination of all faces of the teeth and a probe was used to remove any residue. The presence and extent of esthetic restorations were also recorded.
Lip protection was evaluated using the method proposed by O'Mullane 12 . Lip protection was considered adequate when the lips covered the upper incisors in the resting position. Otherwise, lip protection was considered inadequate. Overjet was measured with the aid of a wooden tongue depressor with a straight tip. The bite was placed in centric occlusion and overjet was measured from the vestibular face of the lower incisor to the incisal vestibular face of the most prominent upper incisor, with a mark made on the tongue depressor in graphite. The distance from the edge of the tongue depressor to the mark was subsequently measured using a digital caliper. A distance greater than 5 mm was recorded as accentuated overjet.
Ethical considerations
This study received approval from the Human Research Ethics Committee of the Pontifícia Universidade Católica de Minas Gerais (Brazil). Health and education authorities were informed as to the objectives of the study, gave their authorization and offered the assistance of the respective government agencies for the conduction of the study. The parents/guardians signed a statement of informed consent. The participants were ensured anonymity and confidentiality regarding their responses.
Statistical analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 17.0, SPSS Inc, Chicago, IL, USA) and included frequency distribution and association tests. Statistically significant associations between the independent variables and TDI were determined using the chi-square test. The dependent variable (TDI) and the independent variables having achieved a p-value < 0.20 in the bivariate analysis were incorporated one-by-one into the Poisson logistic regression model in decreasing order of significance (stepwise backward procedure).
Results
The response rate was high, and only 0.47% (n = 3) of the 641 students selected refused to participate in the clinical examination, with the final sample being composed by 605 students 12-yearolds, representing a population of 6028 schoolchildren in this age group in the city of Montes Claros, Brazil. The systematic selection method was employed, with 38 proportionally distributed schools randomly selected and asked to participate. The response rate was high (94.3%). Thirty-three children were excluded from the study for the following reasons: 22 (3.3%) did not have authorization from their parents/guardians; one (0.2%) was absent from school on the day of the exam; one (0.2%) refused to participate; and nine (1.5%) wore an orthodontic appliance. Thus, the final sample was made up of 605 12-year-olds and their parents/guardians.
The sample of 605 12-year-olds was made of 310 boys (51.2%) and 295 girls (48.8%). These findings are explained by the proportional selection of each type of school in the city. Most of the participants (429; 70.9%) were enrolled in state-run schools; their parents were married (419; 69.7%); mothers has less than five years of schooling (457; 75.5%); and families belonged to socioeconomic classes with a low class (509; 84.1%). No significant associations were found between TDI and socioeconomic status ( Table 1) .
The prevalence of TDI in the permanent incisors of the 12-year-olds analyzed was 3 ≤ 4.9%, with a slightly higher rate among boys (36.8%) than girls (32.9%). However, this gender difference did not achieve statistical significance (p ≤ 0.315). Mean age at the time of occurrence was 9.6 years (standard deviation: 1.7 years). Among the 211 schoolchildren with a diagnosis of TDI, 149 were able to state their precise age at the time of occurrence.
Among the students with TDI, 55.5% (n = 116) had enamel fractures, 42.6% (n = 89) had enamel and dentin fractures without pulp involvement, 1.9% (n = 4) had enamel and dentin fractures with pulp involvement, 2.9% (n = 6) had discoloration. No cases of avulsion were found. Restoration with resin composite was found in 15.8% (n = 33) and 2.9% (n = 6) had bonded fragment.
The largest portion of the schoolchildren with traumatic dental injuries reported the home as the place of occurrence (71 participants; 48.2%), followed by school (37 participants; 25.2%). Falls constituted the main etiological factor (73 participants; 49.7%), followed by collisions with objects or people (27 participants; 18.4%) ( 
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(1.9%) of the participants, four teeth in three (1.4%) of the participants and five teeth in two (0.9%) of the participants.
Mean overjet was 3.2 -1.6 mm. The majority of participants (310; 51.2%) had overjet less than 5.0 mm and 295 (48.8%) had overjet greater than 5.0 mm. Overjet could not be measured in 25 participants due to the presence of crossbite, open bite or overbite.
The chi-square test revealed a statistically significant association between accentuated overjet (> 5.0 mm) and TDI (p = 0.001). Adequate lip protection was observed in 119 (32.5%) of the participants with TDI and 247 (67.5%) without TDI. The chi-square test demonstrated no statistically significant association between lip protection and dental trauma (p = 0.231).
The univariate logistic regression analysis revealed a statistically significant association between overjet and TDI, as the percentage of participants with overjet greater than 5 mm (49.5%) was higher than the percentage of participants with overjet equal to or less than 5 mm (32.2%) (p = 0.001). Variables with a p-value < 0.25 in the univariate analysis were incorporated into the Poisson logistic regression model: overjet, socioeconomic level and lip protection (adjusted for gender). The prevalence of TDI was significantly higher among the participants with accentuated overjet [PR = 1.50 (95% CI:1.41 to 1.61); p = 0.003] independently of the other variables (Table 3) .
Discussion
The prevalence of traumatic dental injuries to the permanent incisors among the 12-year-old schoolchildren analyzed in the present study was 34.9%. This rate is higher than that reported in the majority of Brazilian studies employing a similar methodology 2, 5, 8, 22 , but lower than the prevalence rate reported for the city of Blumenau, Brazil (58.6%).
Although this study was conducted with 12-year-olds, which is the age recommended by Andreasen et al. 34 for epidemiological studies due to the fact that it is the end of the mixed dentition The high response rate in the present study was likely due to the sensitization model employed. The examiner had direct contact with both the administration of the school and the parents of the students, during which all questions were clarified and authorization was obtained, resulting in greater adherence. Twelveyear-olds with orthodontic appliances were excluded to ensure greater accuracy in the exams. Due to the epidemiological nature of the study, some conditions requiring complementary exams, such as the pulp vitality test or radiographs, may not have been identified. Data analysis in cross-sectional epidemiological studies with binary outcomes often involves logistic regression, the association measure of which is the odds ratio (OR). However, some researchers state that the prevalence ratio (PR) is a natural measure for cross-sectional studies, especially when the prevalence rate is high, which could lead to an overestimated OR and broad confidence intervals. Therefore, Poisson logistic regression was used to determine the statistical significance of the associations between TDI and the independent variables in the present study 41, 42 . No statistically significant difference was found between genders with regard to TDI. However, the lack of gender difference diverges from the findings described in a large number of other studies, which report a greater occurrence of TDI among boys 2, 5, 6, 9, 10, [19] [20] [21] . This finding may be the result of cultural changes in recent years, with girls exercising similar activities as boys.
Socioeconomic status exerts an influence on the causality of diseases in different ways depending on cultural aspects and is related to access to health services, health promotion actions, safe environments and protection equipment, which can affect the significance of variables on the individual level 41 . Thus, it is imperative to clarify this issue. Some authors argue that the divergent results found in literature are due to the different indicators adopted. A number of socioeconomic indicators have been employed in epidemiological studies, such as type of school (public or private), level of schooling of the head of the household or mother, household income, classification of socioeconomic status and the social vulnerability index 35 . There is no consensus in the literature on the best socioeconomic indicator or the association with TDI.
Different studies report an association with higher social classes 2 ; others report an association with lower social classes 10 and still others have found no such association 22 . Thus, several socioeconomic indicators were used in the present study and no statistically significant association was found between TDI and any of these indicators. The lack of a well-contextualized up-to-date indicator that addresses the different dimensions of socioeconomic status in an efficacious, objective manner may account for the divergences found in studies of this nature.
The largest portion of participants with dental trauma reported that the incident occurred at ten years of age. This finding is in agreement with those described in the majority of epidemiological studies, which report a peak age for traumatic dental injury between nine and 12 years 12, 24, 34 . A peak age of nine years is reported in studies carried out in Italy 15 and Spain 21 and a peak age of 10 years is reported in a study carried out in Iran 7 . The comparison of results regarding the type of injury is hindered by the lack of standardization in the classifications employed in different epidemiological studies. The classification used in the present investigation was similar to that employed in a study carried out in the United Kingdom 40 and a number of other studies assessing the prevalence of TDI 1, 2, [5] [6] [7] [9] [10] [11] 16, 20, 22 . As reported in investigations using the same diagnostic criteria, enamel fracture was the most frequent injury, followed by enamel and dentin fracture without pulp exposure 1, 2, [5] [6] [7] [9] [10] [11] 16, 20, 22 . Esthetic restoration with a resin composite was the most frequent form of treatment, which is similar to findings reported in other Brazilian epidemiological surveys 2, 20, 22 . Few participants exhibited sequelae, such as edema, fistula and discoloration of the dental crown. These criteria are not included in other classifications.
Falls constituted the main etiological factor (49.7%), followed by collisions with objects or people (18.4%). Similar findings are reported in the literature 7, 8, 10, 13, 23 . Acts of violence are reported to be the main etiological factor for TDI among Syrian schoolchildren 1 . The etiology of dental trauma is correlated with cultural factors and the types of activities each community practices. None of the participants in the present study reported TDI stemming from a traffic accident. This may be explained by compliance with Brazilian traffic laws, which make the use of a safety belt and a special seat for children under seven years of age mandatory and children under 10 years of age must ride in the back seat 41 . The largest portion of the schoolchildren with TDI reported the home as the place of occurrence (48.2%). This is in agreement with findings reported in studies carried out in India . The upper central incisors were the most affected by TDI, which is similar to findings reported in epidemiological studies throughout the world 2, 7, 8, [12] [13] [14] [15] [20] [21] [22] 24 . In most cases, only one tooth was affected, which is also similar to findings reported in previous studies 2, 13, 15, 24 . No statistically significant association was found between TDI and lip protection. This result corroborates findings reported in other studies carried out in Brazil 5, 6, 9, 20 . However, a number of studies employing a similar methodology report that children with inadequate lip protection are more prone to TDI 2, 8, 12, 16, 17, 22 . In the present study, overjet greater than 5 mm was classified as accentuated, as reported in previous studies 16, 25 , and a significant association was found between accentuated overjet and the occurrence of TDI. Thus, the findings are in agreement with the literature regarding the need for interventional measures for the correction of this type of malocclusion, which predisposes individuals to TDI.
The World Health Organization encourages epidemiological surveys to evaluate trends within a given population as well as between populations of different countries, allowing the planning of health services and prevention programs as well as serving as the basis for future studies. Despite the growing number of papers on TDI published in Brazil, most involve populations located in the southern and southeastern regions of the country. As Brazil is rich in cultural, social and economic diversity, the present investigation was developed in northern portion of the state of Minas Gerais, which has close ties with the southern portion of the state of Bahia and regional characteristics that differ from those of the rest of the state.
The Brazilian public healthcare system has reorganized its priorities with regard to oral health care, adopting the health promotion model with interventions based on risk factors. Therefore, actions and services following this guideline need to adjust to the health situations of each location for the establishment of effective practices.
The present study has limitations that should be addressed. Despite the assurance of confidentiality, some findings may have been underestimated due to embarrassment or fear of answering affirmatively to questions on the etiology of TDI. Moreover, the cross-sectional design does not allow the determination of causality. Longitudinal and intervention studies are needed to address causes and consequences of TDI, it is fundamental to gain a better understanding of the etiology of TDI so that effective prevention strategies can be outlined.
Conclusion
There was an elevated prevalence of TDI among 12-year-old schoolchildren in the city of Montes Claros, Brazil. In the present study, gender, socioeconomic status and lip protection were not determinants of the outcome, whereas accentuated overjet was significantly associated with the occurrence of TDI. No association was found between TDI and the socioeconomic variable analyzed. However, further studies should be carried out to assess the association between traumatic dental injuries and socioeconomic indicators with the use of an assessment tool that addressing the social and economic dimensions of individuals in a more efficacious fashion.
